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The ligand-gated potassium channels are stimulated
by various kinds of messengers. Previous studies
showed that ligand-gated potassium channels con-
taining RCK domains (the regulator of the conduc-
tanceofpotassium ion) formadimerof tetramerstruc-
ture through the RCK octameric gating ring in the
presence of detergent. Here, we have analyzed the
structure of Kch, a channel of this type from Escheri-
chia coli, in a lipid environment using electron crystal-
lography. By combining information from the 3Dmap
of the transmembrane part of the protein and docking
of an atomic model of a potassium channel, we
conclude that the RCK domains face the solution
and that an RCK octameric gating ring arrangement
does not form under our crystallization condition.
Our findingsmaybe applied to other potassiumchan-
nels that have an RCK gating ring arrangement.
INTRODUCTION
Potassium (K+) channels play important roles in both excitable
and nonexcitable cells for living organisms. They exist in three
major classes: Kir (inwardly rectifying K+ channel), Kv (voltage-
gated K+ channel), and K2P (tandem pore domain K+ channel),
depending on their gross structures and functions (Buckingham
et al., 2005). Further classification reflects that K+ channels can
be gated by ligands. The ligand-gated K+ channels have either
two or six transmembrane helices (TMs) and are stimulated by
various messengers. One member of these groups, the cal-
cium-induced K+ channels, has a large C-terminal cytosolic
domain called RCK (the regulator of the conductance of K+ ion)
(Jiang et al., 2001). The RCK and its homolog, KTN (K+ ion trans-
port and nucleotide binding) domains arewidely used in prokary-
otic cells (Kuo et al., 2005) and modulate the function of some
prokaryotic (Albright et al., 2006; Jiang et al., 2002; Roosild
et al., 2002) and eukaryotic (Wu et al., 2010; Yuan et al., 2010,
2012) K+ channels.
The soluble RCK gating ring has been extensively studied
with X-ray crystallography to understand the gating mechanism
for the ligand-gated K+ channels. For MthK, a calcium-inducedStructure 23, 19K+ channel from Methanobacterium thermoautotrophicum, the
different gating ring states have been determined (Jiang et al.,
2002; Pau et al., 2011; Ye et al., 2006). Following binding of cal-
cium, the outer rim of the gating ring expands, compared to the
unbound state. This free energy of ligand binding is transferred
through a presumed rigid helical linker to the pore-forming
domain (corresponding to the fifth and sixth helices, S5–S6 in
a six TMs K+ channel), where the pore-lining inner helices (S6)
bend. This results in a conformational change of the selectivity
filter to conduct K+ ions (Ye et al., 2006).
Kch, a putative K+ channel in Escherichia coli, has six TMs and
a cytosolic RCK domain (Jiang et al., 2001; Milkman, 1994). Un-
like the other conventional voltage-gated K+ channels, Kch does
not contain any arginine in the fourth helix (S4) to sense the elec-
tric state in the membrane (Milkman, 1994). Similar as in MthK
(Jiang et al., 2002), the soluble RCK protein is expressed through
an internal methione (M240) in the kch gene (Jiang et al., 2001;
Lundba¨ck et al., 2009). Although the structure of RCK from
Kch was determined (Protein Data Bank [PDB] ID: 1ID1), the
ligand has not been identified (Jiang et al., 2001). Kch has a
conserved signature sequence, TVGYG, as the selectivity filter
to conduct K+ ions efficiently and selectively (Milkman, 1994).
However, its function in E. coli is not understood completely
(Epstein, 2003; Kuo et al., 2003, 2005). A gain-of-function exper-
iment from the Kch mutants suggests that it may function by
adjusting the membrane potential, instead of taking up bulk K+
ions (Kuo et al., 2003).
In a previous work, the structure of detergent-solubilized Kch
was presented as determined by the single particle reconstruc-
tion technique that indicated the formation of a dimer of tetra-
mers through the interaction of the RCK domains (Lundba¨ck
et al., 2009). However, the applied heavy metals for negative
staining may give artifacts and limit resolution (Unger, 2000).
Furthermore, we reported a projection structure of the full-length
functional mutant, KchM240L, in a lipid environment determined
by electron crystallography (Kuang et al., 2014). The results indi-
cated that the RCK domain is not involved in the same kind of
interaction as in the single particle structure. However, because
the information was limited due to the absence of tilted images,
we have continued our electron crystallographic study of Kch.
We analyzed 2D crystals of KchTM, which does not contain
the RCK domain.
A comparison of the projection structures of KchM240L and
KchTM shows similarities, without being identical, indicating
formation of a double-layered crystal in both cases where the9–205, January 6, 2015 ª2015 Elsevier Ltd All rights reserved 199
Figure 1. 2D Crystals and Projection
Structures
(A and B) Both KchTM (A) and KchM240L (B)
crystals were embedded in 1% uranyl acetate.
KchTM crystals shown here were grown without
glycine.
(C and D) Projection structures of KchTM (C) and
KchM240L (D). One unit cell is shown together with
the symmetry operations of the c12 two-sided
plane group: two-fold rotation and two-fold screw
axes are indicated by full and half arrows,
respectively. The unit cell vectors, a and b, are
indicated. The position of the origin is not fixed
along the b axis and two different unit cell as-
signments are shown for the two projection
structures. Both projection structures are calcu-
lated at resolution of 8 A˚.
The scale bars in (A) and (B) represent 0.3 mm. See
also Figures S1 and S3.
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E. coli Potassium Channel 3D Structureconnection between layers is due to the interactions of the extra-
cellular side of the proteins. In addition, the 3D map of KchTM
shows that the intracellular side of the protein where the RCK do-
mains would be located is exposed to the solvent. This confirms
our previous electron crystallographic result (Kuang et al., 2014),
but is in contrast to other results where the RCK domains from
two layers interact to form the RCK octameric gating ring struc-
ture, as previously suggested by X-ray crystallography (Albright200 Structure 23, 199–205, January 6, 2015 ª2015 Elsevier Ltd All rights reservedet al., 2006; Jiang et al., 2002; Leonetti
et al., 2012; Pau et al., 2011; Wu et al.,
2010; Yuan et al., 2010, 2012) and our sin-
gle particle reconstruction studies (Lund-
ba¨ck et al., 2009).
RESULTS
2D Crystallization and Properties of
Crystals
To study Kch in a lipid environment, we
performed 2D crystallization experiments
of both KchM240L (46 kDa), the full-
length protein, and KchTM (27 kDa),
which lacks the RCK domain (19 kDa).
Planar crystals were obtained for both
samples by dialysis to remove the deter-
gent in the presence of 1,2-dioleoyl-sn-
glycero-3-phosphocholine (DOPC). Dur-
ing the crystallization experiments, we
found that 5% (w/v) glycine could in-
crease the amount of KchTM crystals,
although this led to formation of smaller
crystals. The images from the KchTM
crystals grown with or without glycine
were processed and merged together,
based on the similar crystallization condi-
tions, morphologies, and unit cell dimen-
sions as well as the low phase residuals
(<45, at 90 random value) after phase
origin refinement.As for theKchM240Lsample, the latticesofKchTMhadvarious
in-plane rotations, indicating that the stacked crystals were not
superimposed in register. The lattices could be processed sepa-
rately and each pattern could be considered to arise froma single
lattice. Although crystals of KchTM and KchM240L were formed
at different conditions, the morphology (Figures 1A and 1B) and
the two merged projection structures (Figures 1C and 1D) of
these crystals were similar. Both crystals were assigned the
Table 1. Electron Crystallographic Data of KchTM
Plane Group c12
Cell Dimensions
a (A˚) 143 ± 0.9
b (A˚) 82 ± 0.6
c (A˚), assumed 200
g () 90
Range of defocus (A˚) 9,000–27,000
Number of imagesa 33
Resolution limit for merging (A˚) 10
Effective Resolution of 3D Data Set (A˚)b
In plane 10
Perpendicular to the membrane 28
Total number of observations (IQ% 7) 1,034
Number of unique observations 286
Overall weighted R-factorc (%) 30.5
Overall weighted phase residuec () 40.4
aNine at 0, seventeen at 20, and seven at 45 (nominal tilts).
bAs calculated from a point spread function of the experimental data.
cFrom LATLINEK program in MRC.
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in this paper and for KchM240L in Kuang et al., 2014) and the unit
cell dimensions were also comparable (Table 1 for KchTM in this
paper and for KchM240L in Kuang et al., 2014).
Comparison of the Projection Structures of KchM240L
and KchTM
Considering the similarity of the merged projection structures of
KchTM and KchM240L (Figures 1C and 1D), we propose that
both samples are crystallized as two shifted layers as suggested
in Kuang et al. (2014). Akin to the previously discussed projection
structure of KchM240L (Figure 6C in Kuang et al., 2014), only one
of two possible assignments of the pore-forming domain was
consistent with the KchTM structure. This was also compatible
with thepresent3Dstructurebecause the resultsdiscussedbelow
could not be obtained from the alternative positioning. Thus, the
position of the pore-forming domain is fixed in KchTM as well.
Although the projection structures in KchTM and KchM240L
are similar, they are not identical. The regions where the two-
fold screw symmetry elements are located resemble each other
in the two projection structures (Figures 1C and 1D). However,
the region where the two-fold rotation symmetry elements are
positioned in the KchTM structure (Figure 1C) deviates from
the one in the KchM240L structure (Figure 1D). The likeness of
these two projection structures suggests that a similar crystal
packing exists in both crystals and the position of the RCK
domain can be deduced from the KchTM 3D map. The discrep-
ancy between these two projection structures could be ex-
plained by the presence of the RCKdomain in KchM240L crystal.
However, the unexpectedly small difference also indicates that
the RCK domain is disordered in the 2D crystals.
Generation of KchTM 3D Map
The computed Fourier transforms amplitudes after lattice un-
bending showed that the diffraction spots extended to 10 A˚ forStructure 23, 19the tilted images (Figure S2). When merging with tilted images,
the visibility of c12 projection symmetry disappeared and it
was less certain which indexing was correct among the three
possible ones (Figure S3 shows three alternatives). We calcu-
lated the phase residuals of all alternatives for each image and
chose the one that gave a significantly lower phase residual
than other alternatives after origin refinement. The detailed lat-
tice indexing and 3D reconstruction procedure is described in
the Supplemental Experimental Procedures. The final overall
weighted phase residual was 40.4 (Table 1), calculated from
the LATLINEK program (Crowther et al., 1996). The lattice line
data (Figure S4A) was used to calculate the 3D map (Figure 2)
and the overall tilt geometry distribution is shown in Figure S4B.
Docking of a Molecular Model
To obtain a 3Dmap with a higher signal-to-noise ratio that is less
susceptible to data anisotropy, four-fold symmetry was imposed
on the KchTM map at the position of the ion conduction pore in
the pore-forming domain, as depicted by a square in Figure 2A.
Imposing local four-fold symmetry to the pore-forming domains
is reasonable because tetramerization is necessary for channel
functioning (Doyle et al., 1998).
The atomic structure of the pore-forming domain of MlotiK1,
a nonvoltage-gated K+ channel from Mesorhizobium loti (PDB
ID: 3BEH), was selected as a model to fit into the four-fold sym-
metrized map (Figure 3), considering its structural similarity
with Kch (the sequence alignment was shown in Figure S2
in Kuang et al., 2014). In summary, the docking trials resolved
the uncertainties with regard to handedness of the map
and the up/down orientation. The rotational degree of freedom
of the model was restricted to a few degrees whereas the posi-
tioning perpendicular to the membrane was less certain due to
themissing cone of data (Figure 3). A very distinct ion conduction
pathway was visible in the map (Figure 3B).
Molecular Packing
Fitting of the MlotiK1 channel as described in the previous sec-
tion and treating the whole molecular model as a rigid structure
fixed the corresponding locations of KchTM. The crystallo-
graphic symmetry and unit cell dimensions were further used
to obtain the molecular packing in the 2D crystals.
KchTM was crystallized into two symmetrically related layers,
where the two adjacent molecules are laterally shifted with
respect to each other (Figures 2C and 2D). The intracellular pro-
trusions of the molecules (where RCK domain locates) are
exposed at the upper and lower leaflets of the double-layered
2D crystals (Figure 2D). The interface between the layers, corre-
sponding to the extracellular side, is narrow and there is not
enough space to accommodate the RCK domains from adja-
cent molecules in this region. The putative interaction between
two layers is mainly from the sensor domain, the pore-forming
domain, or loops between S5 and the pore helix in different
layers (Figures 2C and 2D). Although the loop interactions are
rather weak, they may be sufficient for crystal formation. A
shifted double-layer crystal packing in two aquaporin family
members supports our explanation, where the crystal interac-
tions are either from two short extracellular loops in different
layers (Hiroaki et al., 2006) or from the N and C terminus in the
cytosolic surface (Schenk et al., 2005).9–205, January 6, 2015 ª2015 Elsevier Ltd All rights reserved 201
Figure 2. 3D Map of KchTM and Molecular Packing in the 2D
Crystals
(A and B) Maps constituting four unit cells are shown along the direction
perpendicular to the plane of the membrane (A) and along the direction of the
in-plane two-fold rotation and screw axes (B). The KchTMmap is shown with a
Structure
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The Sensor Domain
In the present work, we performed docking of a molecular model
to the 3Dmap of KchTM. The S5-S6 of MlotiK1 fit corresponding
density of the pore-forming domain in the map. On the contrary,
the sensor domain (the first to fourth helices, S1–S4) does not
show up clearly in the map. Therefore, the sensor domain of
Kch in membrane-bound form might also be flexible as sug-
gested for KvAP (a voltage-gated K+ channel from Aeropyrum
pernix) (Jiang et al., 2003; Lee et al., 2005). Furthermore, four
sensor domains in one tetramer may not maintain its four-fold
symmetry in the lipid bilayer (Clayton et al., 2009). In fact, each
modeled sensor domain in one tetramer in our map faces
different neighboring molecules (Figure 2C), which would break
down the four-fold symmetry as well. The absence of symmetry
in the sensor domain may lead to a weak density in the averaged
map; thus, no convincing density could be assigned to the
sensor domain (Figure 3). In a recent study of MlotiK1, both
the sensor domain and the cytosolic ligand-gated domain (cyclic
nucleotide-binding domain, CNBD) were observed (Kowal et al.,
2014). Interestingly, after ligand binding, CNBD moves closer to
the membrane surface and makes contacts with the sensor
domain in the same and adjacent tetramers. This mechanism
may apply to Kch as well, although the cytosolic domains in Mlo-
tiK1 and Kch have different structures and arrangements.
Indeed, the transmembrane part of BKca (a large conductance
K+ channel, both voltage- and calcium-gated, from Homo sapi-
ens) has been suggested to interact with the RCK gating ring
(Wu et al., 2010; Yuan et al., 2012).
RCK Arrangements in the 2D Crystal and in the Cell
How are the RCK domains arranged in the KchM240L crystals?
During the crystallization procedure, the detergent molecules
surrounding the Kch molecules (in a dimer of tetramer manner
as in Lundba¨ck et al., 2009) are dialyzed away and lipid mole-
cules start to embed Kch (step 1 in Figure 4A). With the help of
lipids that potentially provide the environment for the contacts
between transmembrane parts of Kch and the interactions
between their extracellular surfaces, a double-layered crystal
nucleus is formed (step 2). The net result of having the lipid envi-
ronment and the protein-protein interactions is making the RCKmesh representation. One unit cell and the corresponding a and b axises are
depicted. The two-fold rotation (full arrows) and two-fold screw symmetry axes
(half arrows) from the c12 two-sided plane group are indicated in (A). The
position used for imposing local four-fold symmetry in Figure 3 is shown by a
square in one of the unique positions.
(C) Six tetramers of MlotiK1 (PDB ID: 3BEH) were added to the 3Dmap (A). The
models depicted in orange, grass green, and blue are localized in one layer of
the 2D crystals while those in cyan, purple, and dark green are in the other.
(D) The relationship between molecules in the two layers is shown (rotated 90
from C) with the putative positions of the RCK domains indicated by the el-
lipses. The precise position of the sensor domain is not certain because the
four-fold symmetry may not hold due to the flexibility of the sensor domains in
the lipid environment. The proposed crystal contacts are from the interactions
between the sensor (in a solid rectangle) and the pore-forming domain (in a
dash rectangle) in different layers, as well as in the loop regions (yellow) be-
tween S5 and the pore helix from the adjacent tetramers.
See also Figures S2 and S3.
hts reserved
Figure 3. Symmetrized Map of KchTM
Local four-fold symmetry was imposed to one
leaflet of the original map at the position shown in
Figure 2A and only the central part of the resulting
map (50*50*80 A˚3) is displayed. The symmetrized
map is shown as side views with the intracellular
side pointing upward (A and B; B is rotated 90
from A) and as top views from the intracellular side
(C and D). Either the complete maps (A and C) or
slices through the map (B and D) are shown. The
positions of the slices are shown in (A). The pore-
forming domain of MlotiK1 (PDB ID: 3BEH) was
used to dock into the symmetrized map. B = 500
was used to boost the fall-off of the amplitudes at
intermediate and high resolution in the map.
See also Figure S4.
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between two RCK monomers in different layers is replaced by
the dimer between two RCK monomers from two adjacent sub-
units within the same layer (corresponding to the dimer in PDB
ID: 1ID1; Jiang et al., 2001). This free RCK arrangement disasso-
ciates a dimer of tetramer of Kch molecule into two tetramers.
One is embedded in the lipid bilayer that is involved in crystal for-
mation. The other released from the gating ring could be gath-
ered into the nucleus for crystal growth. When several such
nuclei are generated, they can merge to form large and well-or-
dered 2D crystals. The dimer from two RCKmonomers could be
formed either between the subunits in the adjacent tetramers
(possibility one) or between the subunits in the same tetramers
(possibility two). This heterogeneous arrangement of the RCK
domains cancels out their contributions in the electron crystallo-
graphic study, making the projection structure of KchTM and
KchM240L resemble each other. The third possibility is that the
RCK dimer interaction between two layers is weakened to facil-
itate the dimer transition under our crystallization condition. Two
papers showing that the RCK of MthK is predominantly mono-
meric at pH 8.5 (Kuo et al., 2007) or pH 9 (Kuo et al., 2008) in
the absence of the ligand support this possibility. The cytosolic
domains hanging underneath the transmembrane part of the
channel have been reported to adopt different symmetric ar-Structure 23, 199–205, January 6, 2015rangements in several other K+ channels,
such as in MlotiK1 (Kowal et al., 2014;
Mari et al., 2011), Kir3.1 (Jaros1awski
et al., 2007), andHCN2 (Ulens and Siegel-
baum, 2003). These three possibilities do
not expel each other; instead, all of them
may exist and work together. The crystal
formation in KchTM is similar as in
KchM240L, although the RCK domain is
absent in KchTM. The crystal contacts
between the extracellular surfaces of
KchTMmake it adopt a symmetry-related
two-layer packing as well.
How are the RCK domain arranged in
the cell? In E. coli cells, the soluble sepa-
rately expressed RCK may dimerize with
the membrane-associated RCK from Kch
by a procedure inverted to crystallizationdescribed above (Figure 4B for the first possibility and Figure 4C
for the second possibility), where the RCK dimers in the same
layer are replaced by the RCK dimers in the gating ring. We spec-
ulate that the dimer transition is assisted by the ligand binding.
Four such dimers of RCKcould form an octameric ring after being
bound with ligand (Ye et al., 2006). Will our proposed free RCK
arrangement work for MthK, KtrA (a component of a prokaryotic
K+ transporter having KTN domains), or BKca? Regarding the
similar structure and arrangement of the RCK domain in Kch,
MthK, and KtrA, as well as the flexibility of the RCK dimer and
the gating ring, we believe that our proposal may be an intermedi-
ate step for forming gating rings in theseproteins. BKca is special,
because two RCKdomains (RCK1 andRCK2) are attached to the
C terminusof the transmembranepart (Wuet al., 2010;Yuanet al.,
2010, 2012). No additional soluble RCK protein is expressed, and
RCK1 and RCK2 are not identical. Thus, the dimer transition be-
tween RCK1-RCK1 and RCK1-RCK2 in BKca may be less likely
to occur as compared to Kch, MthK, and KtrA.EXPERIMENTAL PROCEDURES
Expression and Purification
The kch gene encodes both Kch and RCK proteins; hence, the KchM240L
plasmid was constructed to replace the internal methionine codon at positionª2015 Elsevier Ltd All rights reserved 203
Figure 4. Proposed 2D Crystallization For-
mation andGating Ring Formation in theCell
(A) Crystal formation from Kch molecules in solu-
tion. The dimer formed between the RCK mono-
mers in two layers (blue and red balls, step 1) is
replaced by the one in the same layer (red balls in
the circle region, step 2). The separated tetramer
Kch molecules can be inserted into the nucleus
(step 2) to eventually grow a large and well-ordered
2D crystal. A detergent molecule is depicted as a
headgroup with a single tail and phospholipids
having two tails.
(B) Gating ring formation possibility one, the
dimerization between the RCK monomers from
adjacent tetramers.
(C) Gating ring formation possibility two, the
dimerization between the RCKmonomers from the
same tetramer.
(B) and (C) correspond to an inverted procedure
from (A). In (A)–(C), the blue and red balls indicate
the RCK monomers in different layers. The dimer
formation is labeled as two horizontal lines together
with two balls. The transmembrane part of Kch is
depicted as a box. Only two of the four subunits of
the tetramer are shown in the scheme.
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E. coli Potassium Channel 3D Structure240 to leucine to prevent the expression of RCK (Kuang et al., 2014). This
mutant has been suggested to be functional (Kuo et al., 2003) and a homoge-
neous sample made of only the full-length protein is expected using this
construct. A similar procedure was performed to construct the plasmid for
KchTM, which lacks the RCK domain. The DNA fragment encoding residues
1–239 of Kch with a six histidine-tag at the C terminus was cloned into the
pSP19T7LT plasmid (Kuang et al., 2014). The expression and purification pro-
cedures for KchM240L and KchTM were similar, as described in Kuang et al.
(2014). The only difference was the culture temperature. For the former, the
cells were cultured at 33C after induction; and for the latter, the cells were
maintained at 37C after induction.
2D Crystallization
The crystallization procedure for KchTM was similar to that for KchM240L,
which is described elsewhere (Kuang et al., 2014) with the following modifica-
tions: a different crystallization buffer (25 mM Na-acetate at pH 7, 20% glyc-
erol, 100 mM KCl, 0.1 mM EDTA, 1 mM reduced glutathione, 50 mM MgCl2,
with or without 5% (w/v) glycine) was used to dialyze off the detergent and a
different temperature of 30C was used to grow crystals.
Data Collection
The data collection procedure for both samples was similar and described in
Kuang et al. (2014). In brief, the crystals embedded with trehalose (Sigma)
were rapidly frozen in liquid nitrogen (cryo-EM) and subsequently transferred
into a Jeol2100F electron microscope (Jeol). The low-dose electron micro-
graphs (12 electrons/A˚2) of KchTM were collected from tilted specimens,
nominally from 0 to 45. All images were taken at 50,000 nominal magnifica-
tion and recorded at 200 kV accelerating voltage. Well-ordered areas (4,0003
4,000 pixels) on Kodak SO-163 electron image film (Electron Microscopy Sci-
ences) were scanned at 7 mm pixel size.
Image Processing
The 2dx software suite (Gipson et al., 2007) was used to process each individ-
ual image to extract its amplitude and phase information. The images were
recovered by contrast transfer function (images tilted at the angle below 30)
or tilt transfer function correction (images tilted at the angle above 30),
respectively. The initial tilt geometry values for each image were determined
using the EMTILT program in 2dx. The MRC image processing package
(Crowther et al., 1996) was used to merge the images. The images were first
merged at WIN (the range along the z* axis within which spots are compared
in Fourier space) of 0.005 and after addition of more images, a WIN value of204 Structure 23, 199–205, January 6, 2015 ª2015 Elsevier Ltd All rig0.01 was used for calculation of the final map. The merging procedure pro-
ceeded from untilted images, to low-tilt angle images, followed by high-tilt
angle images. Consecutive merging (type 0) was followed by merging against
a commondata set (type 1) to refine the phase origin of each image. The gener-
ated initial model from a certain amount of images covering all recorded tilts
could be used as a reference to merge other images. Due to difficulties in
directly selecting the correct indexing in each image from three alternatives,
these choices were examined during themerging process by observing tilt pa-
rameters and phase residuals. Tilt geometry and phase origins were refined
(type 3 merging) through an iterative process to produce the final merged
amplitude and phase data. Lattice lines were adapted and final amplitude
and phase data were sampled using the LATLINEK program (Crowther
et al., 1996). All subsequent processing was performed using routines from
the CCP4 package (Winn et al., 2011). The 3D map covering the whole unit
cell and a corresponding map with imposed local four-fold symmetry in one
leaflet were calculated. The four-fold symmetrized map was generated by
averaging the original 3D maps in one leaflet of the double-layered crystal
rotated 0, 90, 180, and 270, respectively, around the c-axis. The mirrored
images were tested by setting all values of phase information to opposite
signs. The point spread function was calculated by setting all values of ampli-
tude information to 1 and phase information to 0 (Unger, 2000). The structure of
MlotiK1 (PDB ID: 3BEH) was docked as a similar protein to Kch into both 3D
maps using Chimera (Pettersen et al., 2004).
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